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The emphasis on integrated use of organic amendments and fertilizers has made it
imperative to study the effect of crop residues and organic manures on urea hydroly-
sis, which governs the release of N from urea fertilizer. Urea hydrolysis in soils is an
enzymatic decomposition process facilitated by the extracellular enzyme urease. Our
aim was to assess the influence of crop residues (rice straw, wheat straw) and
organic manures (poultry manure, farm yard manure, cowpea, and sesbania) on
urea hydrolysis by conducting a laboratory incubation experiment employing a
Hasanpur silt loam soil (coarse loamy, mixed, hypothermic Typic Haplustept).
The study was conducted at a constant temperature of 33 & 1°C at two moisture
levels (1:1 soil:water ratio and field capacity). The results showed that the rate
of urea hydrolysis decreased with an increase in time of incubation (12 to 96 h),
while the disappearance of urea N was associated with the corresponding increase
in (NHf + NOj )-N content in soils treated with crop residues and organic man-
ures. In the nonamended soil, the time required for the complete hydrolysis of the
applied urea (200pg urea Ng~' soil) was more than 96 h at both the moisture
levels, whereas in amended soils, 60 to 72 h of incubation periods were required
for urea hydrolysis. The rate of urea hydrolysis in the amended soil was of the fol-
lowing order: sesbania > cowpea > poultry manure > farmyard manure > rice
straw and wheat straw, irrespective of the moisture regime. Urea hydrolysis followed
first-order kinetics in all the treatments at both moisture levels. The rate constant
value for urease activity was higher at field capacity, indicating that urea hydrolysis
proceeded rapidly under the condition of field capacity rather than saturated con-
ditions (1:1 soil:water ratio).
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The future sustainability of crop production will greatly depend upon the improve-
ment in the effective management of soils. The use and management of crop residues,
farmyard manure, and green manure are an increasingly important aspect of envir-
onmentally sound sustainable agriculture (Timsina and Connor, 2001). Application
of green manures and crop residues help in increasing the organic matter content of
soil, improve soil-water relationships, and enhance the N availability in soil (Singh
et al., 1992).

In India, more than 80% of nitrogen is applied as urea. When urea is applied to
moist soil, it is hydrolyzed to ammonium carbonate through the action of the
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extracellular enzyme urease. Urea hydrolysis in soils is influenced by many factors
including soil organic matter, clay, and water content (Kumar and Wagenet, 1984;
Yadav et al., 1987), occurs rapidly in soil treated with crop residues, increases with
higher amounts of organic amendments and longer periods of incubation (Khind
et al.,, 1991; Saini et al., 1994). The enzymatic transformation of urea into
ammonium carbonate proceeds quickly but losses of urea N through leaching may
be significant. Leaching experiments in soil columns have demonstrated that urea
moves through soil with irrigation water depending on the rate of water application
(Antil et al., 1992). It has been found that the rate of urea hydrolysis was slow in
saturated soils as compared to field capacity (Wali et al., 2003) and occurred at a
higher rate at 40% versus 60% water-holding capacity (Sankhayan and Shukla,
1976). Information on the influence of crop residue additions and organic manures
on urea hydrolysis in relation to applied water is limited. Therefore, a laboratory
incubation study was conducted to investigate the effect of crop residues and organic
manures on urea hydrolysis and its kinetics in a Typic Haplustept of Punjab (India)
at two moisture regimes.

Materials and Methods

The soil used in this study was Hasanpur silt loam (coarse loamy, mixed, hypother-
mic Typic Haplustept) collected from farmers’ fields in the Ludhiana district (75°41’ E
and 30°50’ N) Punjab, India following the wheat harvest during the winter season of
2002-2003. Random subsamples (8 to 10) of moist soil were taken from 0-0.15m
depth and combined to make a bulk sample of approximately 50 kg. This bulk soil
sample was thoroughly mixed to ensure uniformity, air-dried, ground to pass
through 2mm sieve and stored in polythene bags under field capacity condition
(20% w/w) at room temperature (19-23°C) until the incubation was initiated to
minimize disturbance of the soil. The experimental soil had pH (1:2 soil:water ratio)
of 8.0 and an electrical conductivity (in the supernatant liquid of 1:2 soil:water sol-
ution stirred well and kept overnight) of 0.56 dSm™". Texture of the soil was silt loam
as determined by the International Pipette Method (Day, 1965). The soil contained
0.17% organic carbon (Nelson and Sommers, 1996). The contents of alkaline
KMnO, oxidizable N (Subbiah and Asija, 1956), 0.5M NaHCO; (pH 8.5) extract-
able P (Watanabe and Olsen, 1965), and 1 N NH4OAc (pH 7.0) extractable K (Pratt,
1982) were 53.1, 4.8, and 150.4mg kg ', respectively. The initial concentration of
mineral N (NH] + NO3)-N was 28.0 mg kg~'. The field capacity of the experimental
soil was determined with a pressure plate apparatus at 0.33 bar, following the stan-
dard procedure described by Jalota et al., (1998). The crop residues viz. rice straw
(RS) and wheat straw (WS) and organic manures viz. poultry manure (PM), farm-
yard manure (FYM), cowpea (CP), and sesbania (S) were selected to study the effect
of these organic materials on urea hydrolysis in the soil at two moisture regimes.

Treatment and Laboratory Analysis

From bulk soil samples, 5 g samples of soil were oven-dried and added to a series of
polyethylene containers. The crop residues and organic manures were finely ground
in a Wiley mill and sieved through a 0.5-mm sieve so that the residues and manures
can mix well with the soil. The finely grinded crop residues and organic manures were
mixed at 2% by weight with soil and 1ml of distilled water was added to each
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container to bring the soil to field capacity. These soil samples were incubated for 15 at
a temperature of 33 £ 1°C for the decomposition (partial) of crop residues and
organic manures. Following the 15-day incubation period, the study was conducted
at two moisture levels (field capacity and 1:1 soil:water ratio). Urea was applied on
the surface of soil in solution form as 1 ml and 5ml at 200-pg urea N g~' soil at field
capacity and 1:1 soil:water ratio, respectively. After treating the soil samples with
urea, the polyethylene containers were then incubated at 33 4 1°C for 12, 24, 36,
48, 60, 72, and 96 h. The experiment was run in duplicate. The soil samples (5 gm)
were immediately extracted (1:10 soil:extractant ratio) with 2M KCI containing
Sugml™' of phenyl mercuric acetate (PMA). These extracts were analyzed for
urea N by the diacetylmonoxime method (Mulvaney and Bremner, 1979) and
(NH; +NO7)-N by distillation method using magnesium oxide and devarda’s alloy
(Bremner and Keeney, 1966). Urease activity in different treatments was determined
by the nonbuffer method given by Zantua and Bremner (1975).

Modeling of Urea Hydrolysis

The data on urea hydrolysis was processed according to zero- and first-order kinetic
models. These two equations are given below:

C; = Cy + K, (zero oder)
InC; = InCy — K (first oder)

where K, rate constant (hr™'); Cy, initial concentration of added urea N (ug);
C,, concentration of urea N in soil solution at time “t”’; t, time interval (h).

Results and Discussion

As expected, application of crop residues and organic manures significantly
increased the rate of urea hydrolysis in the amended soils. Urea hydrolysis did not
occur in all the amended soils at the start of the experiment (zero hours). In the con-
trol soil (urea only), the urea hydrolysis was not completed during the 96-h incu-
bation period, whereas hydrolysis increased with increasing period of incubation
(12 to 96 h) at both the moisture levels (1:1 soil:water ratio and field capacity) in
all of the amended soils (Figures 1 and 2). The rate of urea hydrolysis was rapid
up to 12h of incubation followed by a slow increase in hydrolysis for all of the
amended soils (Figure 2). The enhanced rate of urea hydrolysis due to the addition
of crop residues and organic manures may be attributed to the stimulation of
microbial activity and subsequent synthesis of urease. Frankenberger et al., (1983)
and Reddy and Chhonkar (1991) also reported that urease activity in soil signifi-
cantly increased with the addition of organic matter and was related to the C:N ratio
of the applied organic materials. Urea hydrolysis was faster at field capacity than at
1:1 soil:water ratio treatment as higher levels of mineral (NH; + NO;3)-N were
determined under the conditions of field capacity (Figure 1). The decrease in urea
N concentration also reflects a higher rate of urease enzyme activity at field
capacity than at a 1:1 soil:water ratio. The slow rate of urea hydrolysis under satu-
rated conditions could be due to the limited supply of oxygen which decreases the
activity of urease. These results are consistent with the findings of Singh and Singh
(1996). The influence of organic manure on urea hydrolysis was of the following
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Figure 1. KCl-extractable (NH4+ NO3)-N at different periods of incubation in Hasanpur silt
loam soil at field capacity and 1:1 soil: water ratio. The vertical bars indicate standard errors.
RS =rice straw, WS = wheat straw, FYM = farmyard manure, PM = poultry manure,
CP = cowpea, and S = Sesbania.

order: sesbania > cowpea > poultry manure > farmyard manure > rice straw and
wheat straw after each incubation period of 12, 24, 36, 48, 60, 72, and 96 h, irres-
pective of moisture level. This may be due to the fact that sesbania had the lowest
C:N ratio (19:1), and the highest urease activity (72.3-ug urea N hydrolyzed g~ soil
hr') as compared to other organic manures and crop residues (Table 1). Therefore,
soils amended with organic manures such as sesbania hydrolyzed significantly
higher quantities of urea at a higher rate than the remaining crop residue treat-
ments. In the sesbania-treated soil, 81.5% urea was hydrolyzed at field capacity
(Figure 2a) as compared with 54% in wheat straw-treated soil after 24h of
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Figure 2. Unhydrolyzed urea N at different periods of incubation in Hasanpur silt loam soil at
field capacity and 1:1 soil: water ratio. The vertical bars indicate standard errors. RS = rice
straw, WS = wheat straw, FYM = farmyard manure, PM = poultry manure, CP = cowpea,
and S = Sesbania.
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Table 1. Urease activity, C:N ratio and nitrogen content of different crop residues
and organic manures (duplicate analysis)

Urease activity

(ug urea N hydrolyzed Nitrogen C:N
Treatments g !soil hrh) g/100 g (w/w) ratio
Control 51.3 - -
Rice straw 58.5 1.08 42:1
Wheat straw 54.9 0.96 48:1
Farmyard manure 62.1 1.16 28:1
Poultry manure 65.6 1.76 25:1
Cowpea 69.0 2.60 21:1
Sesbania 72.3 2.90 19:1
LSD (p = 0.05) 3.11 0.04 _

LSD = least square deviation: significant at p = (0.05).

incubation, while the respective values of 67.5 and 48.5% at the 1:1 soil:water ratio
was determined (Figure 2b). Furthermore, the C:N ratio of the organic amend-
ments was significantly negatively correlated with urease activity (r =—0.959%;
Table 4). It is quite obvious that organic amendments having a higher C:N ratio
would decompose at a slower rate, thereby lowering the availability of N. Singh
and Bajwa (1986) also reported a negative correlation between urease activity
and C:N ratio. Therefore, the minimum urease activity in wheat straw was prob-
ably due to its wider C:N ratio.

The decrease in urea N was paralleled by a concomitant increase in the mineral
N (NHj +NOj7) concentration in the amended as well as nonamended soil during
the incubation period (12 to 96 h). In the treated soils, the concentration of mineral
(NH; +NO3)-N was 125, 104, 132, 144, 151, and 167 pg ¢! soil at field capacity
(Figure la), whereas it was 118, 95, 119, 128, 135, and 146 pgg! soil with 1:1 soil:
water ratio (Figure 1b) after 24 h of incubation in RS, WS, FYM, PM, CP, and S-
treated soils, respectively. These concentrations increased by 60 to 70% after 48 h of
incubation at both the moisture levels. Dey and Jain (1997) also reported that the
concentration of mineral N in amended soils was dependent on the C:N of organic
manures. Consequently, mineral N was significantly higher in the sesbania-amended
soil at both the moisture regimes. A peak concentration of mineral (NH; +NO3)-N
occurred after 48 h of incubation at field capacity, whereas 72 h of incubation was
required at the 1:1 soil:water ratio (Figures la and 1b). These results may be due
to a higher degree of urea hydrolysis at field capacity. Similar results were reported
by Savant et al., (1985), Singh and Singh (1996), and Wali et al., (2003) in which the
rate of urea hydrolysis was determined to be higher at field capacity as compared to
saturated conditions because regulated oxygen diffusion under field capacity
conditions maximizes the urease activity in the soil.

Kinetics of Urea Hydrolysis

The data on urea hydrolysis were modeled according to first and zero-order equa-
tions. The results in Table 2 showed that the first-order equation was found to be
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Table 2. Coefficient of determination (R?) of kinetic models in Hasanpur silt loam
(duplicate analysis)

Zero order (R?) First order (R?)
Treatments 1:1 Soil water Field capacity 1:1 Soil water Field capacity
Control 0.84 0.82 0.93 0.95
Rice straw 0.83 0.83 0.94 0.97
Wheat straw 0.86 0.84 0.92 0.97
Farmyard manure 0.82 0.89 0.96 0.93
Poultry manure 0.80 0.86 0.98 0.96
Cowpea 0.87 0.85 0.95 0.97
Sesbania 0.86 0.82 0.96 0.98

best in describing the urea hydrolysis with the addition of organic manures and
crop residues as determined by the higher coefficient of determination (R?) value.
The plot of In(C; — Cy), the logarithm of the concentration of unhydrolyzed urea
against time “‘t,” resulted in a linear relationship for all treatments at both the
moisture regimes indicating that urea hydrolysis followed a first-order reaction.
Overrein and Moe (1967), Singh (1990), and Kumar and Wagenet (1984) also
reported that urea hydrolysis followed a first-order reaction. The rate constant
(Cy) value in the nonamended soil was 0.058hr™' at 1:1 soil:water ratio and
0.063 hr~' at field capacity (Table 3). In the amended soils, the rate constant values
ranged from 0.090 to 0.108 hr ! at 1:1 soil:water ratio and 0.096 to 0.115hr™" at
field capacity. The average urea hydrolysis time at one half (t'/?) was higher at field
capacity than at the 1:1 soil:water ratio (Table 3). The higher rate constant and
lower t!/? values in the amended soils may be attributed to greater urease activity
associated with crop residues and organic manures because organic amendments in
soil stimulate the microbial activity with subsequent synthesis of urease. Similar
positive effects of organic manures on the rate of urea hydrolysis due to increased
urease activity were also reported by Kumar and Wagenet (1984) and Singh et al.,

1/2

Table 3. First-order equation rate constant and t'/~ values (duplicate analysis)

Hasanpur silt loam

1:1 Soil water Field capacity

Treatments K t!/2 K t!/2
Control 0.058 10.9 0.063 10.1

Rice straw 0.091 7.55 0.096 7.15
Wheat straw 0.090 7.57 0.095 7.27
Farmyard manure 0.093 7.50 0.102 6.87
Poultry manure 0.096 7.18 0.108 6.79
Cowpea 0.104 6.73 0.113 6.21

Sesbania 0.108 6.64 0.115 6.07
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Table 4. Correlation between urease activity, C:N ratio and rate constants (duplicate
analysis)

Urease activity C:N ratio
C:N ratio —0.959* -
Rate constant at field capacity 0.985* —0.847*
Rate constant at 1:1 soil water ratio 0.952* —0.951*

*Significant at p = (0.05).

(1997). The highest rate constant and lowest t'/? values were found in the sesbania-
treated soil due to the lowest C:N ratio and the greatest amount of urease activity
for all the amended soils. Furthermore, the rate constant values were higher at field
capacity than 1:1 soil:water ratio which may again be attributed to increased urease
activity at field capacity. Although the urease activity was positively correlated with
the determined rate constant values at both the moisture levels (Table 4), the
relatively higher correlation value at field capacity (r = 0.985) confirms that there
were higher amounts of mineral N at this moisture level than at a 1:1 soil water
ratio. Vlek and Carter (1983), Yadav et al., (1987), and Panda (2005) also con-
firmed that hydrolysis rates of urea was more at field capacity soil moisture because
oxygen becomes a limiting factor for the activity of urease enzyme under saturated
conditions.

The results of the present study indicated that urea hydrolysis in all the treat-
ments was higher at field capacity than at the 1:1 soil:water ratio due to higher urease
activity associated with higher oxygen availability. Soils amended with organic man-
ures hydrolyzed significantly higher quantities of urea at a faster rate than crop resi-
dues at field capacity. The rapid changes of urease activity, particularly at the soil
surface can greatly alter urea hydrolysis, which may cause losses of N via ammonia
volatilization and leaching with irrigation water. Therefore, there is need to assess
the decomposition process of added organic residues and manures on controlling
the losses of N. Urea hydrolysis followed first-order reaction kinetics in all the treat-
ments at both moisture regimes. Thus, the rate constants describe the urea hydrolysis
and may be used in a recommendation of N fertilizer for the crops.
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